
MATERIALS CENTRAL TECHNICAL LIBRARY
OFFICIAL FILE COPY (11111 U)

GENERAL DYNAMICI CONVAIR

Report No. 8926-085

Materials - Alloy Steel - Ultra-High Strength
H-11 Hot Work Die Steel - Vascojet 1000

(Vanadium Alloy Steel Co.)

Rivet Shear Strength and Corrosion Resistance

H. H. Stier, P. W. Bergstedt, H. C. Turner

2 February 1959

Published and Distributed
under

Contract AP33(657)-8926

Post Offles Box 1950, San Diego 12, California CYprs% 5-6611
Material Post Office Sox 2071 BRoadway 3-6000 Accounting Post Office Box 510



#.4

GIIIIIIIID
""04 GEINIAL. DYAIMIC I CONVANP, '0'] MOML PAGE

""ITE REPORT NO.

Report xo. 8926-085

Materials - Alloy Steel - Ultra-High Strength
H-11 Hot Work Die Steel - Vascojet 1000

(Vanadium Alloy Steel Co.)

Rivet Shear Strength and Corrosion Resistaxce
-- m

AbstracG

Annealed Vascojet 1000 steel (Vanadium Alloy Steel Co., Latrobe, Penna.)

rivets wre cold headed from 1/8 and 1/4 inch diameter rivet wire and then
heat treated. The heat treatment consisted of 18000 F for 30 minutes, air
cool, 1150*F for 1-1/2 hours, air cool, 1150OF for 1-1/2 hours, air ccol.
""The ultimate tensile strength after heat treatment of the 1/8 and 1/4 inch
diameter wire was 200.7 and 191,4 ksi, respectively. Tandem protruding
"head rivets bpaced at 4 rivet diameters, held to 2 rivet diameter minimwan
edige dist%.nce, and driven to head diameters about 1.5 ti-m-s shank diameters
wre driven into 0.125 inh thick clad 7075-T6 aluminum elloy sheet lap
shear joints and tested. In these tests the 1/8 inch diametcr rivets
yielded (0.005 inch offset) at 1638 pounds and failed at 1765 pounds with
an ultimste strength of 136.2 ksi, and the i1/h inch diameter rivets yielded

~v. (0.00625 inch offset) at 5767 pounds and failed at 6275 pounds with an
%'* ultimAte stingth of 121 a4si. Salt spray corrosion tests with riveted.

joints indicated that corrosion damage to clad 7075-T6 sheet is accelerated
by the presence of unprotected Vascojet 1000 steel rivets.

Reference: Stier, H. It., Ber-stedt, P. W., urnier, H.C.,
","Mechanical & Corrosion Properties of Vasscojet
1000 Rivets," General Dynamics/Convair Report

"" M4F 58-238, San Dieo, Califoniia., 2 February
"1959. (Reference attached.)
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4'9 To determine (a) the strength and driving characteristics, and (b) the

corrosive effect of _______ 00rvesn705-6_____ alo het

1. The shear strength of double-tempered VASCOJET 1000 wire increases
parabolically with increasing hardness of the wire in the range from
42-51 Rockwell C (when tested at room temperature in a double-shear
fixture).

't.- 2. Lapped joints in bare 7075-T6 sheet fastened by double-tempered
"•VASCOJET 1000 rivets of 42-44 Rc hardness with protruding flat heads
"have these strengths (when tested at room temperature):

1/80 diam. rivets 1/4" diam. rivets

in .125" thk. sheet in .250 thk. sheet

Ultimte shear, psi 136,200 121,000

3. VASCOM 100 wire double-tempered to 42-44 Rc hardness has an ultimate
tensile strength of 191,000 - 201,000 psi.

4. The fores required to squeeze a .337 ± .005 in. diameter head on a .250
in. diameter VASCOJET 1000 rivet varies with the hardness.

Rivets of Rivets of
/.Re, hardnesWee_

Rivet-drivino force, pounds 23,400 28,400

5. Rivet heads squeezed to .337 t .005 in. diameter on .250 in. diameter
*ECO ET 00 rivets of 42-51 Rockwell C hardneas show no rejectable

cracks.

6. Corrosion in clad 7075-T6 sheet Is accelerated by tU.e bare VASCOJET 100
rivets.

Rivets were cold-headed from VASCOgsT 1000 wire in the annealed condition
and then beat-treated as follows:

a. Austenitize at 18500F. in a neutral atmosphere for 30 alnutee, air
"4 ~cool.

" ASGOJET I000 is Vanadium-Alleys Steel Caqmpny's designation for an
,..•.'jAISI-&LIl steel.

S.
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TEST SPECIMENSt (Continued)

b. Temper at 11500F. in air for 1 1/2 hours, air cool.

c. Temper again at 11500F. in air for 1 1/2 hours, air cool.

The 1/8 in. diameter rivets were squeezed with a Chicago Pneumatic compress -

', ion riveter; the 1/4 in. diameter rivets were gunned with a G-8
pneumatic rivet gun. Rivet shanks protruded 1.12 diameters before driv-
ing in the sheet combinations of this test•

The shear specimens were of the single lap-joint type with two tandem rivets
spaced along the longitudinal center-line of the Joint as shown in the sketch

NI in Table I. Corrosion specimens bad three driven rivets spaced at one inch
along the longitudinal center-line ef .125" x 1 1/2" x 10' clad 7075-T6 sheet.

• ~~Z§T_ZR•0CEDU=E:

The riveted lap-joints were pulled in a 6W,000 pound Tinius-Olsen tensile
machine at a maximum loading rate of 1000 pounds/min. for 1/8 in. diameter

': rivets and 4000 poundu/sin. for 1/4 in. diameter rivets. An 8-1 extenso-
meter was used to measure the yield strength of the joint as described in
Report WE 58-262. The yield load was taken at a permanent joint set of
".005 in. for 1/8 in. diameter rivets and .00625 in. for 1/4 in. diameter
rivets.

Tensile specimens of 15 in. lengths of wire were inserted into 1/8 in. or
1/A in. I.D. jaws and pulled at .001 in•/in./min. te determine the tensile

-'. ultimate of the wire. The I.D. of the jaws was smoeth to prevent notehing
of the wire. An abrasive coating on the ends of the wire was needed to
overcome slipping in the jaws.
"Shear tests of tempered wire were performed in a double-shear fixture.

Before shearing the wire, the hardness was taken along the diameter of a
polished and etched cross-section through the wire, Vickers hardnesses
were measured with a diatond pyramid indenter in a Tukon tester with a 10
Igm. load. The speciaen was broken out of its lucite mount before aeasur-
ing the Rockwell C hardness of the croas-section.

The corrosion specimens were wiped wit.. alcohol and placed in a salt spray
* cabinet for observation. The salt spray was operated in accordance with

*.• Federal Test Hethod Stardard 151, Method 811.

RESULIS & PISCUSSIN:-

The heat treatment for VASCOJET 1000 rivets for this teat was selected
on the basis of the double-shear tests of 'aire tempered to different hard-
nesses. (See Figure 1). A shear strength of 139,000 psi. was achieved by
tempering to about 44 Rc hardness. Two different double-tempering treat-
aonts which produced a 44 Re hardness are given below:

a. 11000F., 2 1/2 hours, AC + l00'F., 2 1/2 hcurs, AC.
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RESULTS & DISCUSSION: (Continued)

b. 11500F., 1 1/2 hours, AC + 11500F., 1 1/2 hours, AC.

NOTE: An austenitizing treatment at 18500F. in a neutral atmosphere for
30 minutes, folloved by air cooling, put the material in a fully
hardened conditiea before double-tempering.

The 139,000 psi uitimte shear strength was selected so that failure would

ocour in tue rivets before the bearing strength of the bare 7075-T6 sheet

was exceeded

No sheet bearin.g failures oceirred in tests of lapped joints in 7075-T6

sheet incorporating LASCOJET !QP!' rivets of 42-44 Rc hardness. (See TableI.)

The ultimate tensile strength of VASCOJET 1000 wire of 42-44 Rk hardness
is given in Table II.

The load required to squeeze the protruding heads of the 1/4 in. diameter

CAag2EL~I= rivets to .337 1 .005 in. diameter is given in Table III.
Driven heads shawed very minute surface cracks (not rejeatable according
to 1PS-46.05D).

The corrosion specimen incorporatirg 4S OI.• rivets in clad 7075-T6

sheet wa3 severely attacked after 250 hours in the salt spray cabinet.
The cladding was completely remo-ed in areas up to one inch in diameter
near each rivet head. Rivet heads showed no currosion. Coatings vf diffused
or plated metals on the VASCOJE? 1000 rivets may be applied for pretection

against corrosion.
1

1. "Steele ant Protective Treatments for Use up to IO0'?.," H. -. ai

and W. It. Sharp, SAE Transactiona Volume 64, 1956, pj. 74-75.

A=

N=E: The data for this report have been recorded in the %aterials and
Processes Laboratory Notebook No. 3011.
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TABLE I. RESULTS OF SHEAR TESTS OF RIVETED LfA-JOINTS INCORPORATqG

PROTRUDING HEAD RIVETS OF TEMPERED") VASCOJET 1000(b)
STEEL IN 7075-T6 SHEET (bare).

Identif. Rivet Meas'd. Driven Sheet YIELD ULT. ULT. TYPE
"Driving Hole Head Thk., LOAD, LOAD STRENGTH, OF
Method Diam.,in. Diam.,in. in. #/rivet #/rivet PSI. (c) FAILURE Wd)

. VJ-1 G-8 gun .257-.258 .347-.362 .250 5637 5950 114,800 1 & 2
VJ-2 .257 .356-.369 " 5650 6300 121,400 2
VJ-3 .257-.258 .353-.359 " 6013 6575 126,800 1 & 2

Avg. 5 2-5 121,000

VJ-4 Squeeze .1285 .180 .125 1595 1720 132,600 2
VJ-5 " o176-.181 1605 1735 134,000 2
VJ-6 " .177-.178 1715 1840 142,000 2

N Avg. 1f8 Y765 136,200

Shoet, A'A

*',*

"Dixi- Drevh k/Ced

SShoot *:i-.ot A 8 •

Va ./ n.:.in.

• 5., 6/ s 1 1 1/2

(a~) Ri-fot-s -.'ure t7piero to Rr'cicvoll harflos o' 4Z 2 44 R. 'Aafre driving
(iS5O° F., 30 zin., AC + 11500 F., 1 1/2 hr., AC + 11500 F., 1 1/2 hr., 10.

A;. (b) Vanadium-Alloys Steel Company's desidnation for an AISI-11i steel.

(o) Based on measured hole diameter.

(d) Seo FAILURE NOTS bollow

1. Mfg. heads snapped off.
p.' 2. Rivets sheared in the shank along shoet interface.

A.
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TABLE II. RESULTS OF TENSILE TESTS OF TENPERED(a) VASCOJT 1000 (b)
RIVET WIRE

4'

Wire Diam., Area lengtth, ULT. LOAD, ULT. TENSILE STRENGTH,
inch in. inch pounds PSI.

.1258 .012425 15 2520 202,898
U U U 2470 198,872

"2490 200 483
Avg. T40,7

.2505 *04926 15 9370 190,215
.2503 .C4918 " 9570 194,591

"" 9320 189 507
Avg. 9914

(a.) Wire temperad to aL Rockwell liardness of 42 - 44 R (18500 Fe,30 ra$.n.AC
11500 Fo, 1 1/2 hr., AC * 11500 F., 1 1/2 hr., ACJ.

(b) Vanadium-AllQ , Steel Company's d,.signation for an AISI-Uhl steel.

.a,..

a,?

0*
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TANELE III. RESULTS OF RIVET-DRIVING T•STS OF T,3IPERt&D (c) VASCOJET 1000 (a)
RIVETS IN 70?5-T6 S7EET (bare)

Driven

Rivet Hole Head Sheet Rivet Rivet LOAD REQUIRED Remarks
Diam., Diam., Diam., Thk., Set Hardness, TO SQUEEZE RIVET,
in. in. in. in. Ro pounds

'2FO .257 .3356 .125 Flat 42-43 20,400 (b)
' .3392 21,600.3408 " 1800

Avg.

.250 .257 .3349 .125 Flat 43-44 23,600 (b)
"-.3409 " 21,600 m

"II .3415 25,000
Avg,. 23,400

.250 .257 .3327 .125 Flat 44-45 22,300 (b)"19 .3356 22,800
" .3366 23,200 "

Avg. i2.0

.250 .257 .3350 .125 Flat 50-51 28,300 (b)
,'3366 69 3 27,800

"S .3416 29,150 "
Avg. •

(a) Vanadium-Laloya Steel Ompan's desi•gation for an AISI-Hll steel.

(b) Driven heads shovmd very minute surface cracks about .010' long and a row
mile deep.

"(c) Tempered to the hardnesse3 indicated in coluun 6 before driving.

• 5.

%'I

5.

I-
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